Stevia is used as a sweetener due to its low calorific value and its taste, which is very similar to that of sucrose. Stevia extract is dark in colour and needs to be clarified for better acceptance by consumers. The adsorption processes widely used in clarification do not use organic solvents. Alginate beads have been used as the adsorbent material in the present work. Experiments were carried out in batch mode in which the aqueous stevia extract was mixed with the alginate beads prepared previously by ionotropic gelation. A factorial design was used to study the process of clarification, in which colour removal and the percentage of stevioside adsorbed were evaluated. The studied factors were temperature, pH of the aqueous stevia extract and adsorption time. The results showed that alginate beads are capable of adsorbing both the steviosides and the pigments that give colour to the extract. The experimental design showed that only the pH and contact time were important variables in determining the percentage clarification, in contrast to the other responses which were not affected by the various factors studied. An equation describing the percentage clarification as a function of pH and time is proposed.
INTRODUCTION
The worldwide demand for high-potency sweeteners is expected to increase, especially with the new practice of blending different sweeteners. The leaves of the sweet herb Stevia rebaudiana Bertoni from Paraguay produce an alternative to sucrose, with the advantage that stevia sweeteners are natural plant products. In addition, the functional and sensory properties of stevia are superior to those of many other high-potency sweeteners (Brandle et al. 1998) . Global markets for stevia amount to ca. $500 million, with Japan alone accounting for $200 million (Rajagopal 2009) To obtain stevia, the dried leaves of Stevia rebaudiana Bertoni are infused in hot water or alcohol (ethanol or methanol) to obtain their extract, which consists of a solution containing brownish colloidal particles. This extract must be clarified prior to commercialization. One method of clarification is the precipitation of impurities by the addition of hydroxides and fractional extraction of the resulting glycosides with butanol or methanol (Takamura et al. 1977) . However, these solvents are usually toxic to humans and, after clarification, have to be totally removed from the sweetener. Others processes have been used in the clarification, such as filtration (Silva et al. 2007; Reis et al. 2009 ), coagulation with polyelectrolytes (Fernandes et al. 2001; Bunhak et al. 2002) and adsorption (Mantovaneli et al. 2004; Silva et al. 2007; Goto 2004) .
Adsorption is a promising process because it is safe and free of toxic solvents. In this context, many adsorbents have been examined for the clarification of stevia extract, such as zeolites (Mantovaneli et al. 2004; Silva et al. 2007; Moraes and Machado 2001) and ion-exchange resins (Goto 2004) .
Alginate beads are capable of adsorbing compounds such as proteins (Roy et al. 2004 ) and heavy metal ions (Papageorgiou et al. 2008) and have even been used for the clarification of stevia (Mahl et al. 2010) . For this reason, they could be tested as adsorbents for clarifying stevia extract. The beads are prepared through sol-gel transformation of alginate, which is brought about by cross-linking the alginate with divalent cations such as Ca 2+ and Zn 2+ .
Clarification of stevia extract using alginate beads has been studied in the present work using Response Surface Methodology (RSM). RSM is a rapid technique used to determine a functional relationship between an experimental response and a set of input variables (factors). Moreover, RSM reduces the number of experimental runs necessary to establish a mathematical trend in the experimental design region. The use of RSM also allows the optimum level of experimental factors required for a given response to be determined, as well as the effects of variables and their interactions (Khuri and Cornell 1987) .
The aim of the present work was to study the clarification of aqueous stevia extract in a batch reactor with alginate beads. Factorial design was used to study the process and the studied factors were the temperature, the pH of the stevia extract and the contact time.
MATERIALS AND METHODS
Stevia leaves and alginate (Protanal RF 6650) were kindly supplied by Steviafarma S.A. (Maringá, Brazil) and FMC Biopolymer (Campinas, Brazil), respectively. All other chemicals (phenol, sulphuric acid, calcium chloride) were of A.R. grade and used without further purification. All solutions were prepared using distilled water.
Preparation of the aqueous stevia extract
The extract was prepared by mixing one part of stevia leaves with nine parts of water. For such purposes, the water was heated to 55 °C and then mixed with the stevia leaves, with the mixture being allowed to steep for 1 h. After cooling, the extract was filtered through a paper filter and centrifuged at 3000 rpm for 15 min. The pH of this solution was adjusted to the desired level in accordance with the factorial design experiments by the addition of a few drops of HCl.
Preparation of alginate beads
A known volume (20 m ) of alginate solution (1.5 w/w%) was dropped into 300 m of a gelation solution (1 w/w% CaCl 2 , pH = 2.50) by means of a needle-less syringe at a dropping rate of 5.0 m /min under mild agitation. The spherical beads formed were cured by being maintained for 10 min at room temperature in the gelling solution with gentle stirring. The beads were filtered, washed with distilled water (500 m ), immersed in distilled water and stored in a refrigerator for up to one week before the clarification test. The alginate beads were homogeneous in appearance with a mean diameter of 3.74 ± 0.16 mm.
Determination of the point of zero charge (pH PZC ) of the alginate beads
The point of zero charge (pH PZC ) of the adsorbent was determined by the solid addition method as described by Ai et al. (2011) . A digital pH meter (Marconi, Piracicaba, Brazil) was employed for the pH measurements. Thus, 45 m of a 0.1 mol/ NaCl solution was transferred to each of a series of 100 m conical flasks. The initial pH values (pH i ) of each solution (within the range 2 < pH < 12) was adjusted by adding either 0.1 mol/ HCl or 0.1 mol/ NaOH as necessary. The total volume of the solution in each flask was adjusted to exactly 50 m by adding NaCl solution. Then, 0.25 g of the dry beads was added to each flask and the mixtures were agitated at 60 rpm. After 48 h, the final pH values (pH f ) of the solutions were measured. The difference between the initial and final pH values (∆pH = pH i -pH f ) was plotted against the value of pH i . The point of intersection with the abscissa of the resulting curve, at which ∆pH = 0, gave the pH PZC value.
Clarification experiments
Batch studies were carried out by soaking 10 g of alginate beads in 15 m of aqueous stevia extract in a jacketed glass reactor under magnetic stirring. The temperature, pH and contact time were set according to experimental design ( Table 1 ). The beads were withdrawn after the pre-determined contact time and the clarified extract was analyzed. The necessary mass/volume ratio for the experiments was determined by a preliminary study. Many experiments with different ratios were undertaken. Since the analytical method employed for the clarification experiments was not chromatography, it was not possible to detect the adsorption of small quantities of pigment. Consequently, the ratio was increased in order to increase the extent of adsorption and allow the detection of any modification in the pigment concentration. The ratio of 10 g of alginate bead/15 m of solution was the maximum ratio at which magnetic stirring was possible. Two factorial designs were examined in order to optimize the clarification process. Design 1 was a full 2 3 factorial design and was performed to evaluate the importance of the temperature, pH and contact time on the clarification process. A 2 2 experimental design with a star configuration (six axial points) and three central points, totalling 11 experiments, was carried out to obtain the second design (Design 2). Table 1 lists the actual values and coded levels used in all the factorial designs.
Parameters such as the colour removal, turbidity removal, percentage adsorption of stevia steviol glycosides and the total adsorption of soluble solids were evaluated employing equation (1) overleaf (1) in which the subscripts "BEFORE" and "AFTER" relate to the properties before and after the clarification process, respectively.
Optical absorbancies measured at 420 and 670 nm were correlated with the colour removal and turbidity removal parameters, respectively (Fuh and Chiang 1990). Each parameter was calculated relative to a solution having the same pH value.
According to Costa et al. (1991) , it is possible to relate the concentration of total stevia steviol glycosides with the concentration of total carbohydrate, which can be determined via the phenol/sulphuric acid method. The quantities of free sugars or sugar oligomers present in the extract were insignificant. The percentage adsorption of stevia steviol glycosides was also calculated via equation (1) using the concentration of total stevia steviol glycosides as a property. Absorbances were analyzed employing a Shimadzu UV 1601 PC spectrophotometer. The total soluble solids in a given solution were determined by refractometry using an Abbe refractometer for the analyses. The total percentage adsorption of soluble solids was calculated via equation (1) using the measured Brix as a given property.
Statistical analysis
Statistical calculations [t-tests, F-tests, analysis of variance (ANOVA) and multiple regressions] were performed using the Statistica ® software packages.
RESULTS AND DISCUSSION

Design 1
The first design studied the pH, temperature and time. The factorial design results and the effects for the factorial design are presented overleaf in Tables 2 and 3, respectively. It was found that, over the range of values employed, no factor alone was significant. However, the colour removal (CR) was lower than that obtained by Goto (2004) using ion-exchange resins and Silva et al. (2007) using zeolites and membrane processes.
Colour removal from the aqueous stevia extract
The estimates for the effect of each variable were determined and are listed in Table 3 . An estimate of a main effect was obtained by evaluating the difference in process performance caused by a change from the low (−1) to the high (+1) level of the corresponding factor (Haaland 1989). A small p-value suggested that the coefficient was a large signal in comparison to the noise, because it was too large to have arisen by chance alone. In this case, p < 0.05 suggested significance at the 0.05 level. This also corresponded to a 95% confidence level for a test of the hypothesis that the effects (or coefficients) in question were equal to zero.
At the 95% confidence level, the data listed in Table 3 show that the average effect was the only significant effect on the colour removal. This effect represents the average value of the colour (2001) with CaX zeolite. Mantovaneli et al. (2004) and Moraes and Machado (2001) observed that temperature had a negative effect on colour removal using zeolites. However, in the present work, temperature has been found to have a positive effect on colour removal using alginate beads. Similar results were found by Aravindhan et al. (2007) who studied the potential use of calcium alginate beads for the removal of dyes from coloured effluents. According to these authors, the increase in adsorption with temperature could be due to changes in pore size, an increase in the kinetic energy of the dye molecules and an enhanced rate of diffusion of the sorbate. Since the adsorption extent increased as the temperature increased, pigment adsorption onto alginate beads is an endothermic process. This effect is characteristic of a chemical reaction or bond being involved in the adsorption process. Araújo and Teixeira (1997) also established the same effect of temperature on chromium ion adsorption onto alginate beads. As the R 2 value (ca. 0.67) was not satisfactory, the curvature was checked and the R 2 value then observed was 0.86; this could indicate non-linear behaviour. Table 3 lists the effect of the various factors on the percentage of steviosides adsorbed. As in the case of colour removal, the average effect was also the most important effect on the percentage total stevioside adsorption. Although this effect amounted to ca. 50%, this value was not acceptable since we were looking for an adsorbent which did not adsorb steviosides. Since our purpose was to only clarify the extract, it was important to minimize the adsorption of steviosides, i.e. the adsorbent of choice must be capable of adsorbing substances that give colour to the extract without adsorbing steviosides. Moraes and Machado (2001) verified that ca. 5.0% of steviosides was adsorbed onto zeolites. However, differences between the structures of adsorbents must be considered. Zeolites have very small pores that are inaccessible to steviosides; in contrast, steviosides are able to diffuse into the whole structure of alginate beads. Thus, in zeolites, steviosides adsorption only occurred on the external surface of the adsorbent, thereby drastically reducing the overall amount adsorbed.
Percentage total stevioside adsorption (STEV)
A significant increase in the R 2 value (from 0.40 to 0.98 -data not shown) was observed when the curvature was checked. This further justified the application of a quadratic model to the experimental data. Moreover, the pH showed a negative effect on the percentage stevioside adsorption (STEV), i.e. a desirable result as this effect should be minimized. An increase in pH from 2.0 (level -1) to 3.0 (level +1) had a negative influence, with the percentage stevioside adsorption being only reduced by 15.13%.
In contrast, time had a positive effect on percentage stevioside adsorption (STEV). Thus, the data listed in Table 3 show that an increase in percentage stevioside adsorption occurred as the experimental time was increased from 30 min up to 60 min. This shows that after 30 min the adsorption process had not yet attained an equilibrium state. The greater the contact time, the greater the amount of stevioside adsorbed onto the alginate beads. Aravindhan et al. (2007) found that more than 100 min was necessary before equilibrium was attained during dye adsorption onto alginate beads. Experimental estimation of the diameters of the particle diameter employed in the work of Aravindhan et al. (2007) showed that this was 2.0 ± 0.1 mm, which was almost two-times smaller than the diameters of the beads employed in the present work.
Both pH and time factors were shown to be significant in the adsorption process. For this reason, a new factorial design (Design 2) was studied in order to optimize the clarification process. Temperature was excluded from this new design since it presented no significant effect. New levels of pH and time were chosen according to the effects observed during the experimental examination of Design 1. The pH showed a negative effect on the percentage stevioside adsorption (STEV) and, since it was considered necessary to minimize STEV, higher values than 3.0 were chosen. On the other hand, time had a positive effect on the percentage stevioside adsorption (STEV) and, in order to minimize the adsorption, a lower value of time was considered. Figure 1 overleaf represents the geometric interpretation of the factorial design in accordance with the pH and time. Factorial Design 2 employed a region shifted to the left and downwards from the pH and time conditions employed in experimental Design 1.
Although the effects of pH and contact time on colour removal were not significant (Table 3) , their effects suggest that increasing the pH increased the extent of colour removal, while increasing the time led to a decrease in the extent of colour removal. Thus, the levels proposed for experimental Design 2 also aimed to maximize the colour removal.
Design 2
The experimental conditions and the results for colour removal and the percentage adsorption of steviosides as a function of time and pH are listed in Table 4 . A 2 2 experimental design with a star configuration (four axial points) and three central points, totalling 11 experiments, was carried out to obtain the second design. Statistical analyses were performed with the data obtained and the response was analyzed separately. It can be seen that the highest colour removal achieved in this step corresponded to that obtained in the previous design. 
Colour removal from the aqueous stevia extract
The average effects had virtually the same values for Designs 1 and 2 (Table 3 and 5). Hence, it is possible to say that such studied factors were not capable of optimizing colour removal and hence others factors should be chosen.
The independent and dependent variables were fitted to the second-order model equation and examined. The ANOVA was used to evaluate the adequacy of the fitted model. The R 2 value provided a measure of how much of the variability in the observed response values could be explained by the experimental factors and their interactions. A good model (values > 0.9 are considered to be very good) would explain most of the variation in the response. The closer the R 2 value is to 1.00, the stronger the model and the better the response predictions, with the difference between the predicted and observed values being minimized (Haaland 1989) .
The data listed in Table 5 show that pH (quadratic), time (quadratic) and the interaction between pH and time were significant and, for this reason, they were used to obtain a model to predict the colour removal [equation (2)]:
(2)
In both factorial designs (1 and 2), the adsorption time showed a negative effect on colour removal. This negative effect is due to the natural darkening of the extract that always occurs after its extraction. The quadratic effect of pH, which implies a parabolic behaviour of the colour removal, was a result of changes in the electrostatic charges of the particles.
The analysis of variance (ANOVA) of the model [equation (2)] is shown in Table 6 . The ANOVA shows a high R 2 value (0.95521) and a good performance in the F test for lack of fit (the listed value is lower than the calculated one) and for the regression (the calculated value is ca. 12times the listed one). Thus, equation (2) is predictive of the colour removal within this range of the factor values, and consists of a second-order function for pH and time, and a second-order function for pH-time interaction. This model, which describes colour removal as a function of pH and time, is depicted in Figure 2 . The response surface in Figure 2 was obtained using equation (2). It can be seen that the surface shows a quadratic character between the minimum and maximum values of the independent parameters. The figure shows the response surface necessary to estimate colour removal associated with the independent variables pH and time. The maximum colour removal predicted in Figure 2 is ca. 28%. The pH affects the adsorption conditions by changing both the solubility of the contaminant and the ionization of the adsorbent.
The point of zero charge (pH PZC ) determined by the solid addition method for the alginate beads was ca. 2.7 (see Figure 3 overleaf). Abreu et al. (2008) observed that the point of zero charge for alginate particles was ca. 3.0. Below this pH, the beads acquire a positive surface charge. In contrast, the surface of the beads acquires a negative charge at a pH higher than the pH PZC . The highest values for colour removal were observed at pH values higher than the pH PZC , thereby suggesting that the coloured substances were positively charged. The electrostatic attraction between the negatively charged surface of the beads and cationic molecules could result in an increase in colour removal.
Treatment of chlorophyll-a with acid removes the magnesium ion and replaces it with two hydrogen ions to yield the olive-brown solid, phaeophytin-a. Hydrolysis of this compound (the reverse of esterification) splits off phytol and yields phaeophorbide-a. Similar compounds are obtained if chlorophyll-b is used (Lanfer-Marquez 2003) . As chlorophyll is one of the most important pigments found in stevia leaves, these reactions could explain the best results for colour removal (CR) achieved with Design 2 (3.0 < pH < 6.0). The complexed magnesium ions in chlorophyll are capable of interacting with the negative charges inside the alginate beads when the pH is above the pH PZC value. However, for Design 1 (2.0 < pH < 3.0), two factors must be taken into consideration: the loss of the magnesium ion by chlorophyll and the fact that the alginate beads do not exhibit any negative charge.
As far as colour removal (CR) is concerned, the average effect was about 28.96% (Table 3) for Design 1 (2.0 < pH < 3.0), with CR increasing when the pH increased from 2.0 to 3.0. On the other hand, the average effect was about 27.84% (Table 5) for Design 2 (3.0 < pH < 6.0), with the CR increasing when the pH increased from 3.0 to 4.5 and decreasing when the pH increased from 4.5 to 6.0. A maximum occurred when the pH was about 4.5.
According to Peretz and Cinteza (2008) , the removal efficiency towards cationic molecules is strongly dependent on the pH value. With increasing pH, the charged sites on the surface of calcium alginate become more negative. The uptake of cationic molecules is low at low pH, but increases with increasing pH over the range 4-7.
Percentage total stevioside adsorption (STEV)
The estimates for the effects on the percentage stevioside adsorption, as well as the interactions between them, were determined and are reported in Table 5 . Only the average effect was significant for this response in the range studied for the variables. This means that such a response was not affected by the variables studied. The average effect for the percentage stevioside adsorption was ca. 37%.
Although the alginate beads adsorbed 37% of stevioside, i.e. steviol glycosides, the analytical methodology available was not able to determine them separately. The use of stevia sweeteners has yet to be authorized by the European Union, but recently the EFSA (European Food Safety Authority) issued a positive opinion about the toxicity of two steviol glycosides, i.e. rebaudioside-A and stevioside. These two compounds will probably be used shortly for the production of sweeteners in the European market. The adsorption of steviol glycosides cannot be considered a negative result in the choice of adsorbent. According to the EFSA, mixtures of steviol glycosides must comprise of not less than 95% stevioside and/or rebaudioside A, so that the adsorption of the other steviol glycosides would be of interest. Thus, this adsorbent could facilitate the production of a sweetener for the European Union. In future work, it would be important to determine which steviol steviosides are preferentially adsorbed onto alginate beads. The pH value can change the pore size and the charge on the alginate beads. According to Peretz and Cinteza (2008) , increasing pH leads to the charged sites on the surface of the alginate beads becoming more negative. Additionally, Gombotz and Wee (1998) described a reduction in pore size of the alginate matrix when the beads were exposed to low pH values. As far as the percentage steviosides adsorption was concerned, the average effect was ca. 49.71% (Table 3) for Design 1 (2.0 < pH < 3.0) while the STEV decreased when the pH increased from 2.0 to 3.0. On the other hand, the average effect was ca. 37.04% (Table 5) for Design 2 (3.0 < pH < 6.0), but the STEV increased when the pH increased from 3.0 to 6.0. In Design 1, the alginate beads have no charge, but as the pH approaches the pK a values, the particles become more negative and hence capable of repulsing the neutral stevioside molecules. On the other hand, in Design 2, increasing pH leads to enlargement of the pore size, which, in turn, increases the extent of adsorption despite the particles becoming more and more negative. In this case, repulsion is compensated by entrapment of the molecule entrapment in the polymer network.
Re-utilization of alginate by desorption and recycling was not carried out, but Papageorgiou et al. (2008) have verified that more than 97% of the adsorbed metal ions can be desorbed from alginate beads. They utilized three repeat adsorption/desorption cycles and showed that the beads could be used repeatedly without any detectable losses in their initial adsorption capacities. However, stevia compounds are more complex and a chemical reaction could probably occur in this case. Re-utilization would not have the same performance as in the case of the adsorption of heavy metal ions, but the saturated beads could be used for feeding animals (poultry, piglets, cattle, etc.) . Patents suggesting that stevia could improve the productivity and quality of animals when added as a powder or leaves to feed have been published (Sato and Sato 2001; Trukhachev 2009; Vostroilov et al. 2008) .
CONCLUSIONS
Clarification of aqueous stevia extract in a batch reactor with alginate beads was studied in this work. In general, it was concluded that alginate beads did not exhibit a satisfactory performance in the process employed for clarifying the extract relative to other usual adsorbent such as zeolites and ion-exchange resins. The pigments were adsorbed over all the pH ranges studied. As far as colour removal was concerned, it was found that the values ranged from 10% to 40%, which is unsatisfactory from the consumer acceptance viewpoint. The experimental design showed that only the pH and contact time were important variables in colour removal, in contrast to other responses which were not affected by these factors. Consequently, one equation describing colour removal as a function of pH and time was proposed. Furthermore, the alginate beads showed a good capacity towards the adsorption of steviosides; apparently this is undesirable in the clarification process, but could be explored as a means of separating different steviosides. Moreover, it should be emphasized that although many authors have commented on the excellent performance of steviosides in the clarification process, they did not study the concomitant adsorption process.
